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Two hundred and thirty-nine plant taxa with restricted occurrences in the Westcrn
Division of New South Wales were identified to significantly enlarge the list of rare
plants known from the region as a basis for a conservation strategy. Restricted plants
were defined by compiling a preliminary list of taxa known or thought to be localized or
sparsely distributed in the Western Division and by progressively refining this list with
information from the literature, herbarium collections and botanists throughout south-
eastern Australia. Distributional categories were based on overall national distribution.
Six taxa are endemic to the region and a further five occur only in New South Wales.
Two hundred and six taxa also occur interstate, although 73 of these appear to have
small ranges and/or few occurrences throughout their ranges. Twenty-eight taxa have
occurrences in the Division disjunct from their main populations. Regional conser-
vation priorities for cach taxon were identified from the extent to which the Western
Division contains its total occurrences and from established Australia-wide priorities.
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INTRODUCTION

Research is under way by the National Parks and Wildlife Service and CSIRO to
refine systematic procedures for selecting conservation reserves in New South Wales,
with initial emphasis on the Western Division (Pressey and Nicholls, 1989a,b, 1990).
The Western Division covers approximately 320,000 square kilometres of the semi-arid
and arid parts of the state (Fig. 1). Reserve selection trials in this region have been based
on land system mapping at 1:250,000 prepared by the Soil Conservation Service, the
most detailed and consistent delineation of natural environments in the region. As a
basis for biological conservation, land systems and other land classes like plant com-
munities, soil types and geological units are surrogates for comprehensive data on the
distribution and abundance of each species in a region. Such information on species
could be used to ensure that all plants and animals were in declared or proposed reserves
at the time of survey, although movements of fauna and the effects of temporal processes
on reserved populations would still need to be addressed. However, these comprehensive
data are considerably harder to obtain than maps of land classes and are unlikely to be
complete before competition with other land uses forces pragmatic decisions on the
locations and extent of the last reserves in many regions. Reservation on the basis of land
classes will therefore continue to be a practical necessity.

Reservation of land classes alone cannot ensure, however, that all species are
protected. Land classes are often heterogeneous entities in terms of species occurrence
and other attributes (Beckett and Burrough, 1971; Pressey and Bedward, 1990). Many
species are therefore likely to slip through the ‘coarse-filter’ of reservation based on land
classes and will need to be protected with a ‘fine-filter’ or species-specific strategy (Noss,
1987; Hunter et al., 1988). Others will be represented in reserves by very small pro-
portions of their total populations. The species most likely to be missed or under-
represented are the ones which are relatively rare. Many rare plant species are not
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known to occur in conservation reserves. Of the 199 species of plants in the Victorian
mallee which are rare or threatened in the state context, only 87 (44%) are known to
occur in a conservation reserve (Cheal and Parkes, 1987). Of the 1115 rare or threatened
species of plants in Queensland, 556 (50%) have been recorded from reserves in
Queensland and only another seven are known from reserves interstate (Thomas and
McDonald, 1987). Of the 3329 Rare or Threatened Australian Plants (ROTAP’s) listed
by Briggs and Leigh (1988), 1719 (53 %) are known to occur in conservation reserves and
only 328 (10%) are considered to be adequately reserved, even though many reserves
have been dedicated specifically for rare and endangered plants in recent years.

THE WESTERN DIVISION

EASTERN LIMIT OF
“WESTERN NEW SOUTH WALES®

EASTERN LIMIT OF
BRIGGS AND LEIGH
REGIONS 48 AND 49

100 200 300
KM

Fig. 1. The Western Division of New South Wales in relation to ‘Western New South Wales’ as defined by
Cunningham et al. (1981) and the botanieal regions used by Briggs and Leigh (1988).

In the absence of comprehensive data on the distribution and abundance of all the
plants in a region and with limits on the area which can be dedicated to conservation,
there are at least three ways of maximizing the number of plant species contained in
reserves.
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1. Reserves can be located to maximize the effectiveness of the ‘coarse-filter’ in re-
serving the biological diversity of a region. Possible approaches include focussing
reserves on areas of high environmental diversity (Miller ¢ al., 1987).

2. Land classes can be replaced as a basis for reservation by the localities of rare
species. Game and Peterken (1984) and Pressey and Nicholls (1989a) showed that
reserving sites with rare species can be an effective way of protecting the total floris-
tic diversity, although both analyses were based on comprehensive survey data.
Reliance on a prior: assessments of rare or threatened species might yield less
impressive results. The success of this approach also depends on whether rare
species are concentrated in one or a few of the environments in a region or scattered
through many environments.

3. Land classes can be complemented as a basis for reservation with information on
the locations of species least likely to occur in reserves selected solely according to
land classes. This is only a partial solution to the limitations of land class reservation
because there is no guarantee that the set of species so identified will be the same as
that which slips through the ‘coarse-filter. More research is therefore nceded to
define the characteristics of species missed by land class reservation and to compare
these with the criteria used to define lists of rare or threatened species.

The third approach is being taken by the National Parks and Wildlife Service in the
Western Division because of its obvious, if probably incomplete, contribution to
conserving the plant taxa of the region. Application of the other two approaches will
await the results of further research on their potential value. For maximum effectiveness,
the third approach requires a new compilation of information on plant species with
restricted distributions in the Western Division. The recent assessment of rare or
threatened plants in a national context (Briggs and Leigh, 1988) listed only 35 species
which occur in the Western Division. Reserves based on land system mapping cannot be
expected to adequately represent populations of all the other plant species in the
Division, many of which occur in small and widely scattered localities. A broader assess-
ment of species warranting particular attention is therefore needed to complement the
‘coarse-filter’ approach. Leigh ef al. (1981) recognized the need for conservation of plant
populations of special interest such as these, even though the taxa might be too common
nationally to be listed as Rare or Threatened Australian Plants.

This paper describes the methodology for defining categories of distribution and
priorities for conservation for restricted plant taxa in the Western Division, using
considerably broader criteria than Briggs and Leigh (1988), and presents the results of
the study.

APPROACHES TO DEFINING PLANT SPECIES OF CONSERVATION SIGNIFICANCE

Rare species are generally accorded special conservation significance because their
small or scattered occurrences and low numbers of individuals render them unlikely to
be protected, unless specifically targeted, and particularly liable to depletion or extinc-
tion from a variety of land uses. Several types of rarity can be distinguished on the basis
of different combinations of geographical range, habitat specificity and local population
size (Rabinowitz, 1981). Conservation significance has also been given to species,
including widespread and common ones, in danger of depletion and to actual or
presumed genetic variants which are disjunct from or peripheral to the main population
of a species.

Plant species which are rare or otherwise of conservation significance have been
defined in Australia using a variety of criteria and with varying levels of subjectivity.
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The criteria fall into two broad classes, reflecting distribution and vulnerability,
respectively.

Indicators of significance based on distribution include the absence of records since
type collection (Specht et al.; 1974, Briggs and Leigh, 1988), the size of a species’ range
(Rye, 1982; Briggs and Leigh, 1988), number of sampling sites or grid blocks occupied
(Pryor, 1981; Pickard, 1983; Binns, 1988), habitat specificity (Briggs and Leigh, 1988),
endemism (Jessop, 1977; Brown et al., 1983; Binns, 1988), disjunct occurrences (Specht
et al., 1974; Hartley and Leigh, 1979) and distributional limits (Binns, 1988; Mills,
1989). Abundance has been combined with distributional information by several
authors to define rarity (Pickard 1983; Lang and Kraehenbuchl, 1987; Binns, 1988).

Subject to the limitations of collection localities as indicators of the actual occur-
rence of species, some of the distributional criteria lend themselves to objective
appraisal. For example, collection localities were used by Rye (1982) and, for one
category, by Briggs and Leigh (1988) to measure actual geographical range, by Pryor
(1981) and Pickard (1983) to indicate number of grid blocks occupied and by Binns
(1988) to identify limits of distribution. Other definitions of rarity have been more
subjective, especially those which involve habitat specificity or abundance, which are
usually difficult to quantify, but also some dealing with geographical range. Category 3
of Briggs and Leigh (1988) refers to ‘species with a range over 100km in Australia but
occurring only in small populations which are mainly restricted to highly specific and
localized habitats. Lang and Kraehenbuehl (1987) referred to uncommon species as
‘relatively restricted or infrequent but more abundant than ‘rare’ . ... They defined
‘rare’ species, after Briggs and Leigh (1988), as those which ‘may be represented by a
relatlvely large population in a very restricted area or by smaller populations spread
over a wider range’. Estimates of abundance have also been largely subjective.

Disjunct occurrences are difficult to identify consistently, even with locality data,
because of differences in the geographical range, density and separation of groups of
records representing discrete populations. Even when outlying populations are
delineated, there remains the problem of different and often unknown dispersal abilities
of species which determine whether a population 1s genetically as well as geographically
isolated. In addition, judgement is necessary as to whether the outlying record is a
sporadic occurrence of no long-term consequence or a persistent, viable population.
Chippendale and Wolf (1981) used objective, although arbitrary, criteria to define levels
of disjunction in Eucalyptus. Subjectively defined disjunct occurrences were listed by
Specht et al. (1974) and Hartley and Leigh (1979).

Assessments of vulnerability have been used alone or in combination with distri-
butional criteria to indicate conservation significance. Vulnerability has been based on
representation in conservation reserves (Brown et al., 1983; Briggs and Leigh, 1988),
land tenure (Pryor, 1981) and general appraisals of the impacts and threats of land use
(Specht et al., 1974; Lang and Kraehenbuehl, 1987; Briggs and Leigh, 1988; Gullan e
al., 1990).

Collection localities have also been used to indicate vulnerability, for example by
Pryor (1981) and Brown et al. (1983). However, a general assessment of vulnerability
requires information other than occurrence on land of specified tenure and manage-
ment. The survival of all reserved species is by no means assured and threats to un-
reserved species vary widely in nature and severity. Unavoidably, the determination of
degree of threat is highly subjective. The ‘endangered’ and ‘vulnerable’ categories of
Briggs and Leigh (1988), applied by others in state contexts, rely on judgements of how
long before the species will disappear from the wild if threats continue or whether
populations will be affected by changes in land use. Gullan et al. (1990) added a ‘depleted’
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category for their Victorian assessment to indicate species which may be common or
widespread but are declining due to lack of regeneration.

Internationally, an important influence on the identification of plant species of
special conservation significance has been the Red Data Book ‘status’ (vulnerability)
classification of the International Union for the Conservation of Nature (IUCN)
Threatened Plants Committee, described by Lucas and Synge (1978) and others. The
binary coding for ROTAP’s incorporates the IUCN ‘status’ categories which are gaining
acceptance world-wide, although major differences in national lists still remain (Leigh et
al., 1981).

METHODS AND CATEGORIES

Of the two major considerations in assessing the conservation significance of plant
taxa — distribution and vulnerability — only distribution was used in this study.
Regional distribution will be a major determinant of the occurrence of taxa in reserves
selected to represent land classes in the Western Division. Overall national distribution
also has a bearing on the consequences and urgency of conservation measures in any
particular region. The importance of assessing vulnerability separately from distri-
bution is acknowledged but such an assessment, ideally covering both threat and the
biological reasons for conservation risk, was beyond the scope of this project. The occur-
rence of species in Western Division reserves could have been dealt with inconsistently
with existing information but a thorough treatment requires a systematic analysis of
locality data for each species and, preferably, considerable new field work, both of which
demanded resources not available for this study.

There are approximately 1600 native plant taxa in the Western Division and only a
very small proportion of records has been computerized at the three major herbaria
housing material from New South Wales — the National Herbarium of New South
Wales, the Australian National Herbarium and the Australian National Botanic
Gardens. Because of the consequent difficulty of basing this study on collection localities
and because of the limited published information on habitat specificity and abundance,
distributional criteria were assessed subjectively, relying on the judgement of taxono-
mists and field botanists. Disjunct occurrences were identified, but no assessment was
made of their genetic significance or chances of persistence. Limits of distribution were
not considered because there appears to be no single major directional trend in the
geographical ranges of plant taxa in the Western Division.

The study covered species and infraspecific taxa. One broad class of plant taxa was
identified: those with an overall distribution or disjunct occurrences so restricted that
they could be absent or under-represented in a reserve system selected by the ‘coarse-
filter’ approach. The term ‘restricted distribution’ is used here to indicate a small total
range or a larger range consisting of relatively few localized occurrences. This definition
is necessarily subjective, but no more so than in several recent state and national assess-
ments of rare or threatened plants. Disjunct occurrences were defined as those which are
localized and widely separated from a more extensive cluster of records representing the
main population.

The identification of plant species with restricted distributions in the Western
Division proceeded in a series of steps.

1. A preliminary list for comment by botanists was compiled mainly from the infor-
mation on distribution and habitat of plants in western New South Wales given by
Cunningham et al. (1981). The region defined by these authors was somewhat larger
than the Western Division (Fig. 1). Taxa were included on the list if there was any
suggestion of localized, marginal or disjunct occurrences in the Western Division,
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regardless of their distributions elsewhere. Species listed as ROTAP’s by Briggs and
Leigh (1988) in their regions 48 and 49 were also included. The preliminary list
consisted of 415 taxa. Further reduction initially would have pre-empted the
judgement of experts on the region or on particular plant groups.

The preliminary list was sent for comment to field ecologists with extensive
knowledge of western New South Wales or neighbouring interstate areas and to
taxonomists working on each of the families in Adelaide, Brisbane, Canberra,
Hobart, Melbourne and Sydney. Given the rationale for the study, the botanists
were asked to indicate which taxa on the preliminary list or which additional taxa
occurring in the Western Division warranted specific conservation efforts according
to the four criteria listed below:

(1)  occurring only in the Western Division and only with localized occurrences;

(1)  localized in the Western Division and throughout their ranges elsewhere;

(1i1) having marginal and localized occurrences in the Western Division and being
depleted or threatened elsewhere (in practice, vulnerability elsewhere could
only be judged with any consistency on the basis of range and number of
records);

(iv) having disjunct occurrences in the Western Division.

While the preliminary list was being considered by botanists, the status of
Western Division plants nationally and in neighbouring states was checked using
information from Thomas and McDonald (1987) for Queensland, Lang and
Krachenbuehl (1987) for South Australia and Gullan et al. (1990) for Victoria. Rare,
threatened or extinct status in one of these publications gave greater significance to
taxa not on the preliminary list for the Western Division and these were recon-
sidered for inclusion, subject to information on their distribution and abundance in
New South Wales and the other neighbouring states.

The information from Steps 2 and 3 was compiled by recording rare, threatened or
extinct ratings from the interstate references and all comments from experts for
each taxon on the expanded list. To this compilation was added information on dis-
tribution and status from all relevant identification guides and taxonomic literature.
Each taxon was then assessed to decide whether it should be left on or deleted from
the list or had uncertain significance because of insufficient or conflicting infor-
mation. It was also decided to broaden the criteria for inclusion on the list. Taxa
were added if they had only localized occurrences in the Western Division but were
widely distributed and/or common in other states. These are plants which New
South Wales has a responsibility to conserve within its borders, even if they are
given relatively low priority, because their conservation is not necessarily assured
interstate and occurrences in this state could often represent genetic variants of
the overall population. These taxa were easily identified from the information
compiled.

Additional information needed to decide on taxa with uncertain significance was
identified and specific questions were addressed to the most appropriate taxono-
mists or field ecologists.

Following the second responses from botanists, any outstanding queries were
considered by checking the localities of specimens at the National Herbarium of
New South Wales and by further reference to the literature, including the unpub-
lished updates of Jacobs and Pickard (1981) and Jacobs and Lapinpuro (1986) at the
National Herbarium of New South Wales. This step also involved an attempt to
make the inevitably subjective judgements of disjunct occurrences as consistent as
possible. All taxa thought to have disjunct occurrences on the preliminary list, those
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indicated by experts as being disjunct and Western Division species listed by Specht
et al. (1974) and Hartley and Leigh (1979) as disjunct were reviewed. Queries were
resolved by reference to the literature and to specimens at the New South Wales
herbarium.

This process allowed taxa with restricted distributions in the Western Division to be
placed in six final categories and sub-categories according to their overall national
distribution. The categories (listed below) were designed to indicate the degree to which
protection of taxa in the Western Division, and in New South Wales, could influence
their overall conservation.

CATEGORY 1:  Occurring only in the Western Division with a restricted distribution.
CATEGORY 2: Occurring only in New South Wales with a restricted distribution
within and outside the Western Division.
CATEGORY 3: Restricted distribution in the Western Division and also occurring
interstate:
(A) small range and/or few records interstate;
(B) wide range and/or many records interstate.
CATEGORY4: Disjunct occurrences in the Western Division (widely dispersed
localized occurrences are covered by categories 2 and 3A).
(A) main population interstate;
(B) main population or a significant part of main population in
New South Wales.

RESULTS AND DiSCUSSION

The list of restricted plants contains 239 taxa of which 34 are subspecies, varieties
or forms (Appendix). One of the listed taxa is a fern, 32 are monocotyledons and 206 are
dicotyledons. Fifty-three families are represented on the list: one from the ferns, eight
from the monocots and 44 from the dicots. Families with the highest numbers of listed
taxa are Fabaceae (39), Chenopodiaceae (30), Asteraceae (28) and Poaceae (16).

The distribution of taxa between categories is shown in Table 1. Six taxa occur only
in the Western Division and only in restricted localities (Category 1). Another five also
occur elsewhere in New South Wales, but not interstate, and only in small areas
throughout (Category 2). Some 206 taxa (86% of all taxa on the list) have restricted dis-
tributions in the Western Division but also occur interstate. Seventy-three of these (31%
of list) appear to have small ranges and/or sparse distributions interstate (Category 3A)
while the other 133 (56% of list) appear to be widely distributed and to have many
collection localities interstate (Category 3B). Twenty-eight taxa (12% of list) have dis-
junct occurrences in the Western Division. In 19 cases, the main population is interstate
(Category 4A). Another nine have at least a significant proportion of their occurrences
in New South Wales (Category 4B).

Six taxa, including two ROTAP’s, were each placed in two categories: 4A combined
with either 3A or 3B. Category 4A is generally a special case of Category 3B, i.e. taxa
widely distributed interstate but with one or more disjunct, not just localized, occur-
rences in the Western Division. The three taxa placed in both Categories 3B and 4A
each have two types of restricted occurrences in the Western Division: one or more
relatively continuous with the main distribution and one widely separate. Category 4A
combined with 3A indicates that an occurrence in the Western Division is relatively
widely separated from a few, scattered records interstate.

Briggs and Leigh (1988) listed 51 species of ROTAP’s in their regions 48 and 49
which cover an area of western New South Wales somewhat larger than the Western
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Division (Fig. 1). Of these, 33 are listed here as restricted in the Western Division.
Sixteen were found not to occur in the Western Division following checks of herbarium
specimens and advice from taxonomists. The other two were found to be too widely dis-
tributed to fit the categories used in the present study and therefore require re-
assessment as ROTAP’s. Echinochloa inundata (Poaceae) is relatively common in parts of
New South Wales to the east of the Western Division (S. Jacobs, pers. comm., 1990) and
has been frequently collected (Vickery, 1975). Material for Tribulus (Zygophyllaceae) has
recently been revised for the Flora of New South Wales and 7" minutus found not to be
rare or threatened and to occur mainly on the slopes and plains to the east of the Western
Division (K. Wilson, pers. comm., 1990). Both these species were listed by Briggs and
Leigh (1988) as having poorly known status (vulnerability).

TABLE 1

Distribution of taxa between calegories

Category No. taxa % Taxa ROTAP’s#
1 6 3 3
2 5 2 3
3A 73 31 27
3B 133 56
4A 19 8 2
4B 9 4
245(239)* 104(100)* 35(33)@

# Rare or Threatened Australian Plants listed by Briggs and Leigh (1988);
*  Six taxa were each placed in two categories;
@ 'Two taxa were each placed in two categories.

Two taxa endemic to the Western Division and with very localized occurrences in
the region should be added to the ROTAP list: Atriplex infrequens (Chenopodiaceae) and
Bertya sp.A (Euphorbiaceae).

The distributional categories used for restricted plants in the Western Division
allow the taxa on the list to be given priorities for protection. The priorities outlined
below are intended to reflect the relative importance for national conservation of pro-
tecting taxa in the Western Division. The priority for each taxon is therefore based on
the extent to which the Western Division contains its total occurrences and on the
Australia-wide conservation categories of Briggs and Leigh (1988). Where taxa occur in
two categories of different priorities, they have been given the higher of the two pri-
orities. Priorities for the conservation of each taxon in the Western Division are listed in
the Appendix.

PRIORITY 1. Category 1 and one taxon presumed extinct outside the Western
Division (seven taxa): protection measures in the Western Division will completely
determine the survival of these taxa nationally.
PRIORITY 2. All ROTAP’s apart from those with highest priority (29 taxa): the
rarity of and/or threat to these taxa throughout their ranges is confirmed or sus-
pected and their conservation significance recognized in a national context. Protec-
tion measures in the Western Division will be a very important contribution to
their conservation throughout Australia.

Seven of the taxa listed under priority 2 are presumed extinct in the Western
Division, although they all occur interstate as well. Their national significance
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warrants more searches of collection sites, if not destroyed, and of likely suitable
habitat elsewhere.

PRIORITY 3. Categories 2 and 3A, excluding ROTAP’s (49 taxa): these taxa have
small ranges or only scattered occurrences elsewhere in New South Wales or inter-
state, although they are not as rare or threatened as ROTAP’s. Their conservation
in the Western Division will influence their overall survival. New South Wales
agencies have sole responsibility for those taxa in Category 2.

One taxon with this priority, Casuarina obesa, 1s presumed extinct in the
Western Division. Although not given ROTAP status, its few populations in south-
eastern Australia are small and widely scattered and several are under threat.
PRIORITY 4. Categories 3B, 4A and 4B, excluding ROTAP’s (154 taxa): protec-
tion in the Western Division is desirable to conserve the genetic variation within the
ranges of these taxa and, for those in categories 3B and 4A, will be important for
their continued existence in New South Wales. In addition, the extent of reser-
vation of many of these taxa interstate or elsewhere in the Western Division or New
South Wales is uncertain.

Both the distributional categories and priorities presented here have limitations
which must be borne in mind in interpreting and using the results. These limitations
apply, in varying degrees, to most compilations of rare or threatened plants:

— the survey effort in the region has been uneven, depending on land tenure, road
access and distance from towns — this could have underestimated the distri-
bution of some taxa;

— some taxa are inconspicuous or hard to identify when not flowering or fruiting
or when affected by drought or grazing — these might be more extensive and
abundant than indicated here;

— some taxa have large temporal variations in abundance in response to fire, rain
and other factors — the apparent distribution of these plants depends on the
tirning of observations relative to bursts of recruitment and subsequent decline
in numbers;

— herbarium records can overstate distribution and abundance in cases where
species are declining because the total set of records largely reflects a more
favourable historical situation;

— differences in the amount of taxonomic work between groups could have
influenced the number of component taxa considered to have restricted
distributions;

— subjective categories for distribution are likely to lead to some differences in
Interpretation between respondents;

— the availability and type of distribution maps has an influence on perceptions of
distribution and therefore on the identification of taxa as restricted or disjunct.

The problems due to collecting inconsistencies and the limitations of herbarium
specimens are offset to some extent in the present study by the reliance on the judge-
ment of taxonomists familiar with particular groups and on the experience of field
botanists. All the problems except taxonomic inconsistencies are minimized in studies
such as that of Gullan ez al. (1990) which are based largely on comprehensive field work,
not possible for the present exercise.

A full picture of the conservation needs of plants in the Western Division requires
information on both pattern and process in rarity and vulnerability. This study has
contributed to the knowledge of the pattern of rarity and has prepared the way for a
compilation of the collection localities of the taxa listed, a much less daunting task than
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an analysis of the localities of each of the approximately 1600 native taxa in the Western
Division. In the same way, existing compilations of rare plants provided a short list of
taxa for the quantitative investigations of geographic range by Rye (1982). Locality data,
as well as being essential if previously recorded occurrences of the listed taxa are to be
protected, will allow verification of the results presented here and a consistent assess-
ment of their coverage by reserves. The other part of the picture — the trends and causes
of rarity and threat in the Western Division — is necessary to complement the spatial
analysis presented here and requires considerable further work. This information could
alter the priorities for protection to some extent. For example, some relatively
widespread taxa might occupy habitats under threat from clearing or might not be
regenerating effectively. The temporal perspective is also necessary if appropriate
protection measures and research needs are to be formulated.
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